The organic matter abundance, type and maturity have been studied along with their generative potential in coals, carbonaceous mudstones and mudstones from Carboniferous-Permian in Ordos Basin, revealing that the coal-bearing source rocks in the study area have the stronger generative potential. The source rocks are typically humic gas source rocks with the main source rock dominated by the coals. There are significant diversities in the generative potential in different lithological source rocks. The generative potential decreases in the following order: coals, carbonaceous mudstones, mudstones. The desmocollinite in vitrinite group shows a positive correlation with hydrogen index (I H ) or S 1 + S 2 values, indicating the desmocollinite in coal may be the major contributor to hydrocarbon generation. On the whole, the hydrogen index and S 1 + S 2 values both exhibit a good relationship with the desmocollinite in carbonaceous mudstones or mudstones, whereas they have a poor correlation with the pristane/phytane ratios. The hydrogen index and S 1 + S 2 values in coal with the increased pristane/phytane ratios in coal both increase at first and then decrease, whereas they both have a poor correlation with the desmocollinite. These results show that the generative potential in coal is mainly related with the sedimentary environment, while the hydrocarbon generation matter is the main factor influencing the generative potential in carbonaceous mudstones or mudstones.
Introduction
The Ordos Basin is the China's second largest petroliferous basins, with long evolution time, big sedimentary thickness, lots of reservoir types and abundant oil and gas resources, which has a broad exploration areas and good development prospects [1] [2] . Its Upper-Paleozoic has considerable amounts of natural gas. So far, the majority of large oil and gas fields have been successively discovered in Ordos Basin, such as Yilin, Sulige, Wushenqi, and Mizhi [3] [4] [5] .
It is an indisputable fact that the considerable amounts of Upper-Paleozoic natural gas are primarily from the Upper-Paleozoic coal-measure strata [6] [7] [8] . Many scholars have studied the development characteristics of source rocks from different aspects or angles, and then determined the main source rock interval and distribution in the study area [7] [8] . Xu et al. (2009) [7] confirmed that the coal bed from Upper-Paleozoic was the main gas source in the study area, based on researching the hydrocarbon generation capacity of source rocks in Hangjinqi block. According to the evaluation on the organic matter abundance, type, maturity and hydrocarbon generation capacity, the similar conclusion was carried out by Ji et al. (2013) [8] . However, the reasons why the main source rock in the study area is coal and the coal can generate hydrocarbon are few reported in the domestic and overseas literature.
Although the large amounts of experiments and researches on the hydrocarbon from coals have been made [9] [10] [11] [12] , there are many arguments for the confirmation of the main contributor to hydrocarbon derived from coal. The abundance of fluorescing vitrinite and resinite was considered to be responsible for that [9] . Based on the previous researches on the hydrocarbon-generating in coal from Turpan basin, there were two different kinds of theories about the main hydrocarbon-generating substance in coal [13] [14] . The one was that the desmocollinite was the significant contributor to hydrocarbon from coal [10] [12]. Another one was that the major hydrocarbon-generating substances in coal might be the suberinite [11] . However, Huang et al. (1996) [15] also proposed that the bitumen in coal measures might also be the main contributor to hydrocarbon generation in accordance with the studies on structural chemistry. According to the ultra stratigraphic organic petrology, Wang (1995) [16] and Zhao et al. (1997) [17] noted that the submicroliptinite in desmocollinite was the main hydrocarbon generating substances in coal and considered that the cause of hydrogen richness in desmocollinite attributed to strong degradation and reworking of bacteria to it in the biochemical stage. Alternative explanation was the stronger degradation of phytoclasts in clastic sediments as compared to the peat environment where woody particles were better preserved [18] . In this case, more hydrogen-rich plant debris such as resinite, saporiniteect, could be possibly preserved as macerals in coal.
However, Zhao et al. (1985) [19] noted that the redox of sedimentary environment was the "third factor" that affected the coal quality. Zhao et al. (1997) [20] considered that the hydrogen-rich component content in coal depended on the sedimentary environment.
Hence, the main aim of this paper is to discuss the organic matter abundance, type and maturity in coal-measure source rocks with the emphasis on the diversity in coal-measure source rock generative potential and their main controlling factor on the basis of previous studies about the coal-generated hydrocarbons, which provides the theoretical foundation for the hydrocarbon generation mechanism in coal.
Geological Setting
The Ordos basin, located in western North China Platform, is the second largest sedimentary basin in China, covering an area of about 250,000 km 2 ( Figure 1 Since the Middle Paleozoic, the Ordos Basin has experienced five discernable stages, including a Middle-Late paleozoic aulacogen basin, an Early Paleozoic marginal basin, a Late Paleozoic intracration basin, a Mesozoic renamentcratonic basin and a Cenozoic rift basin [1] . From the present study, the existence of the marine transgressive events has been recognized as important and typical representative events during the Carboniferou-Permian periods [1] [2] . During the Carboniferous period, the Ordos Basin was featured by lagoon and tidal-flat facies, whereas it was dominated by the marine-continental trasitional facies and fluvial-lacustrine faces in Perimian period [21] . The Carboniferous-Permian strata, from bottom to top, consist of the Upper Carboniferous Benxi formation, Lower Permian Taiyuan formation and Shanxi formation, Upper Permian Lower Shihezi formation, Upper Shihezi formation, and Shiqianfeng formation.
Samples and Methods

Samples
A total of 119 samples from Carboniferous-Permian coal-bearing source rocks were collected from the Pingling, Wuda, Baode, Liulin, Hancheng, Chengcheng outcrop profiles and dill cuttings of Shuang 1, Yu 20 and Su 27 wells ( Figure 1) . Analysis of the contents of total organic carbon and Rock-Eval pyrolysis were applied to all samples (Table 1) . Twenty-seven coal-measure source rock samples were selected for maceral analysis (Table 2 and Figures 2-4) . Forty-nine samples were also selected for bitumen extractions (Table 1) . (13) 1.00 (7) 474 (30) Open Journal of Yangtze Gas and Oil 
Analytical Methods
For microscopic investigations, the samples were crushed to a maximum size of 1-mm. Maceral analysis was performed by a single-scan method [22] with a Leica DMRX microscope using reflected white and fluorescent light. And the measurement of reflectance was made on polished resin-embedded whole rock blocks with a Leica MPV-SP photomicroscope. At least 30 points were counted and the results are given in Table 2 Table 1 . Then, the extracted bitumens were fractionated into saturated, aromatic hydrocarbons, NSOs (nitrogen, sulfur and oxygen) and asphaltenes using open column chromatography. Only the saturated fractions were analyzed in this study. Saturated hydrocarbons were analyzed using gas chromatography-mass spectrometry (GC-MS) in full scan mode. GC-MS was carried out with a HP-5Ms fused silica capillary column (30 m × 0.25 mm i.d., film thicknesses 0.25 μm). The GC temperature was programmed to start at 50˚C for 1 min, increase to 100˚C at a rate of 20˚C, and from 100˚C to 310˚C at a rate of 3˚C/min with a final fold of 18 min. Helium was used as the carrier gas with a rate of 1.0 ml/min and the ionization source operated at 70 eV. For the analysis of the effects of sedimentary environment on the generative potential, the pristane and phytane were identified in their diagnostic ion chromatograms on the basis of relative retention times. 85 mg/g, respectively. Interestingly, the chloroform extract yields of coal-measure source rocks exhibit the similar variation. According to the evaluation criteria of coal-measure source rocks raised by Liu et al. (1987) [24], the coal bed in the study area are fair to good source rocks, whereas the carbonaceous mudstones and mudstones belong to the worse source rocks.
Results and Discussion
Organic Matter Type
Macerals are recognizable constituents of kerogen that can be differentiated as to type of organic matter by their morphology [25] . The Carboniferous-Permian coal-bearing source rocks in Ordos basin studied have higher amounts of vitrinite (Table 2) 
Organic Matter Maturity
The level of thermal maturation can be estimated from vitrinite reflectance (R o ) and maximum temperature of S 2 (t max ) [28] . The similar thermal evolution of the mudstones, carbonaceous mudstones and coals in Ordos Basin can be observed in Table 2 . The vitrinite reflectance of mudstones ranges from 0.72% to 1.31%
with an average of 1.00%, while their t max values are between 423˚C and 568˚C, having an average of 501˚C, indicating that the mudstones are mainly at mature-highly mature stage. The carbonaceous mudstones have a feature of the vitrinite reflectance and t max at a rang of 1.05% -1.58% and 431˚C -562˚C, averaging 1.17% and 494˚C, respectively, indicative of the mature-highly mature organic matter. While the coals are characterized by vitrinite reflectance and t max varying between 0.66% -1.63% and 432˚C -554˚C, with an average of 1.00% and 474˚C, respectively, reflecting that the coals are significantly mature-highly mature. Although their R o values and t max values both vary widely, they all reveal that the organic matters in the study area are at mature-highly mature stage. we can ascertain that the generative potential of coal-bearing source rock decreases in the following order: coals, carbonaceous mudstones, mudstones.
The Effects of Maceral Composition on the Generative Potential
As well known, the vitrinite, including the telinite, desmocollinite, telocollinite and vitrodetrinite, is the primary maceral component in terrestrial source rocks. It is also the most abundant organic maceral component in coal-meaasure source rocks. The vitrinite ternary diagram ( Figure 2) shows that most samples have the higher percentage of desmocollinite and telocollinite and the lower vitrodetrinite. The desmocollinite and telocollinite content of most coal samples are greater than 60% with the maxmiun reaching about 84.92%. The carbonaceous mudstones are characterized by desmocollinite and telocollinite at the range of 46.46% -69%. While the mudstones have a feature of the desmocollinite and telocollinite content less than 60%, ranging from 20% to 60%. Meanwhile, the distribution of desmocollinite and telocollinite is similar with the generative potential in coal-measure source rocks, indicating that the desmocollinite or telocollinite in coal-measures may be the major hydrocarbon generation substances.
However, the questions that the desmocollinite or telocollinite in coal-measure source rocks can generate hydrocarbon in Ordos Basin are few reported. These questions will be discussed in this paper through the relationships between the desmocollinite and S 1 + S 2 values or hydrogen index (I H ) in coal-measure source rocks ( Figure 3, Figure 4 ). Figure   3 and Figure 4 , corresponding to the r 2 values of 0.125 and 0.114, respectively. Zhao et al. (1985; 1992; noted that the redox of sedimentary environment was the "third factor" that affected the coal quality [19] [26] [31] . Zhao et al. (1997) considered that the hydrogen-rich component content in coal depended on the sedimentary environment [32] . Hence, the generative potential in coals may be mainly related to sedimentary environment.
The Effects of Sedimentary Environment on the Generative Potential
As for the coal bed, its generative potential has not been reflected by the organic matter abundance, whereas the nature of coal is more likely to reflect the difference of hydrocarbon generation properties. The main factors influencing coal quality are generally the maceral composition and the metamorphic degree of coal. However, a lot of researches show that considerable amounts of coals having the similar maceral compositions exhibited the variable generative potential.
Hence, Zhao et al. (1985; 1992; noted that the redox of sedimentary environment was the "third factor" that affected the coal quality [19] [26] [32] . Open Journal of Yangtze Gas and Oil 
Conclusion
